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Not even decoupling can save the minimal supersymmetric SU(S) model

Hitoshi Murayama and Aaron Pierce
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We make explicit the statement that the minimal supersymmetric (SUSY) SU(S) model has been excluded

by the SuperKamiokande search for the process p— K *. This exclusion is made by first placing limits on the
colored Higgs tripiet mass, by forcing the gauge couplings to unify. We also show that taking the superpartners

of the first two generations to be very heavy in order to avoid flavor changing neutral currents, the so-called

“decoupling” idea, is insufficient to resurrect the minimal SUSY SU(S). We comment on various mechanisms
to further suppress proton decay in SUSY SU(5). Finally, we address the contributions to proton decay from
gauge boson exchange in the minimal SUSY SU(S) and flipped SU(5) models.

DOI: 10.1103/PhysRevD.65.055009 ’ PACS number(s): 12.10.Dm
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Figure 1: Fit for the heavy triplet Higgsino mass as a functlon of adjoint-Higgs corrections
(€) in order to accomplish gauge coupling unification. Here we define my (universal
scalar mass) and M;, (universal gaugino mass) at the GUT scale, and p and my4 at the
weak scale without imposing a radiative electro-weak symmetry breaking condition. One
expects € ~ few%, and thus My, > 10'" GeV can be naturally achieved as is required
by proton decay constraints. The width of each band is primarily due to the current
uncertainty in a,(mz).
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Figure 1: & corrections to the gaugino masses at the scale Ay where gi(Ay) =
g2(AU). We have defined (51_2 = (Ml(Au) - Mg(Au))/Mz(Au) and (53_2 = (M3(Au) -
My(Av)) /M, (Ay). H e have assumed univ -terms (Ay = Ay = A) and B-terms
(Bz = Bs = B) and varied them over the ranges |A/M| < 3 and |B/M| < 3.
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Alhmck, Blair, Kranf,

Mortyn, Polesello , Pored, Zevy,
M eo\qurgw%'ts
Mass, ideal || “LHC” | “LC” || “LHC+LC” |

b 179.7 0.55 0.55 -
X: 382.3 - 3.0 3.0

%° 97.2 4.8 0.05 0.05

e 180.7 4.7 1.2 0.08

X2 364.7 3-5 3-5

X0 381.9 5.1 3-5 2.23

én 143.9 4.8 0.05 0.05

éL 207.1 5.0 0.2 0.2

T, 191.3 - 1.2 1.2

iR 1439 4.8 0.2 0.2

BL 207.1 5.0 0.5 0.5

7, 191.3 -

71 134.8 5-8 0.3 0.3

T 210.7 - 1.1 1.1

oy 190.4 - - -

dr 547.6 7-12 - 5-11

dL 570.6 8.7 - 49

& 399.5 2.0 2.0

i 586.3 -

by 515.1 75 - 5.7

by 547.1 7.9 - 6.2

F? 604.0 8.0 - 6.5

RO 110.8 025 | 0.05 0.05

H° 399.8 15 15

A° 399.4 1.5 1.5
H* 407.7 - 15 1.5 C GQV )

Table 1: Accuracies for representative mass measurements at “LHC” and “LC”, and in coherent
“LHC+LC" analyses for the reference point SPS1a [masses in GeV]. G, and Gr represent the
flavours ¢ = u,d, c, s which cannot be distinguished at LHC. Positions marked by bars cannot
be filled either due to kinematical restrictions or due to small signal rates; blank positions could
eventually be filled after significantly more investments in experimental simulation efforts than
petformed until now. The “LHC” and “LC” errors have been derived in Ref. [9] and Ref. [17],
respectively, in this document.
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WChown of Jvf‘rparnue‘ters at Mg

Parameter, ideal | “LHC+LC” errors
M, 101.66 0.08
M, '191.76 0.25
M; 584.9 3.9
p 357.4 13
MZ 3.8191 - 10* 82.
MZ || 1.8441-10% 15.
M3 29.67 - 10* 0.32 - 10*
ME, 27.67 - 10* 0.86- 10*
M3 [ 2745-10 0.80 - 10*
M2, 3.7870 - 10* 360.
M3, 1.7788 - 10* 95.
MZ, | 24.60-10* 0.16 - 10*
M3, 17.61-10* 0.12-10*
M3, 27.11 - 10* 0.66 - 10*
M3, 3.25 - 10* 0.12-10*
ME, ~12.78 - 10* 0.11-10*
A —497. 9.
tan S 10.0 04

I3

—> RGE amaysis

Table 1: The extracted SUSY Lagrange mass and Higgs parameters at the electroweak scale in the

reference point SPS1a [mass units in GeV].

¥ Tetermivotion of GUT scele paameters

Parameter, ideal | “LHC+LC” errors
M, 250. 0.15
M, ditto 025
M; 23
My, 100. 6.
Mg, ditto 12.
Mg, 23.
My, 48.
Mg, 7.
Mg, 14.
Mg, 37.
My, 58.
M H ditto 8.
My, 41.
A; —100. 40.

Table 2: Values of the SUSY Lagrange mass parameters after extrapolatidn to the unification scale
where gaugino and scalar mass parameters are universal in mSUGRA [mass units in GeV].
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Figure 1: Evolution, from low to high scales, (a) of the gaugino mass parameters for “LHC+LC”
analyses; (b) left: of the first-generation sfermion mass parameters (second generation, dito) and
the Higgs mass parameter M}, ; right: of the third—generation sfermion mass parameters and the
Higgs mass parameter M},
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Figure 1: § corrections to the gaugino masses at the scale Ay where g;(Ay) =
92(Av). We have defined 6,_, = (M;(Ay) — M;(Av))/M2(Ay) and 832 = (M3(Ay) —
M(Ay))/Ma(Ay). Here we have assumed universal A-terms (A = A\ = A) and B-terms
(Bs ='Bs = B) and varied them over the ranges |A/M| < 3 and |B/M]| < 3.



